Evaluation of quantitative polymerase chain reaction assays targeting Mycobacterium avium, M. intracellulare, and M. avium subspecies paratuberculosis in drinking water biofilms ABSTRACT Mycobacterium avium (MA), Mycobacterium intracellulare (MI), and Mycobacterium avium subsp. paratuberculosis (MAP) are difficult to culture due to their slow growing nature. A quantitative polymerase chain reaction (qPCR) method for the rapid detection of MA, MI, and MAP can be used to provide data supporting drinking water biofilms as potential sources of human exposure. The aim of this study was to characterize two qPCR assays targeting partial 16S rRNA gene sequences of MA and MI and use these assays, along with two previously reported MAP qPCR assays (IS900 and Target 251), to investigate Mycobacterium occurrence in kitchen faucet biofilms. MA and MI qPCR assays demonstrated 100% specificity and sensitivity when evaluated against 18 non-MA complex, 76 MA, and 17 MI isolates. Both assays detected approximately 1,000 cells from a diluted cell stock inoculated on a sampling swab 100% of the time. DNA analysis by qPCR indicated that 35.3, 56.9 and 11.8% of the 51 kitchen faucet biofilm samples collected contained MA, MI, and MAP, respectively. This study introduces novel qPCR assays designed to specifically detect MA and MI in biofilm. Results support the use of qPCR as an alternative to culture for detection and enumeration of MA, MI, and MAP in microbiologically complex samples. Key words | biofilm, M. avium, M. avium subsp. paratuberculosis, M. intracellulare, qPCR ; Falkinham , , ; Aronson et al. ; Covert et al. ; Falkinham et al. ; Vaerewijck et al. ; Reed et al. ; Marciano-Cabral et al. ). Recent epidemiological investigations suggest rates of NTM infection are on the rise, elevating the importance of understanding the ecology of NTM in drinking water (Marras et al. ; Cassidy et al. ). The majority of occurrence studies to date have focused on the analysis of bulk water samples using culture methods. Few studies have attempted to determine the source of mycobacteria in bulk water, but sloughing biofilm from surfaces of drinking water pipes has been implicated (Falkinham et al. ; 131
INTRODUCTION
). However, due to their slow growth rate, culturing mycobacteria requires days to months to produce results.
Over-growth of non-target organisms results in frequent sample loss. Development of a rapid molecular method such as quantitative polymerase chain reaction (qPCR) would enable faster results and detection of even the most difficult-to-culture mycobacteria. The aim of this study was to evaluate two novel qPCR assays targeting the 16S rRNA genes of MA and MI while investigating their occurrence in drinking water biofilms obtained from kitchen faucets in homes. Biofilm samples were also analyzed for Mycobacterium avium subsp. paratuberculosis (MAP) using two previously reported qPCR assays, the IS900 assay and the Target 251 assay, which is more specific but less sensitive than the former (Beumer et al. ) . This research provides data supporting the use of qPCR for detection of MA, MI, and MAP in drinking water biofilm; an important tool that can increase our understanding of the ecology of these opportunistic pathogens and advance efforts to control them.
METHODS

QPCR assay development
MA-and MI-specific primers and probes were designed from an alignment of 16S rDNA sequences (>1,300 bp) including four MA strains (GenBank Accession numbers AJ536037, X52934, NR_102855.1, M61672.1), seven MI strains (AJ536036, GQ153276.1, X529271.1, X88916, X88919, X88920, X88921), 19 non-MAC Mycobacterium species (X52923, X55589, X55603, AF480598, AF058712, X52932, AF480601, X52930, M29571, AF480603, X55594, U92090, EU379247, HM011256, U57632, U84502, X82459, AY208857, DQ536403.2), and Nocardia abscessus (AF430018) using Lasergene (DNASTAR, Madison, WI) and
Primer Express (Applied Biosystems, Foster City, CA). The MA assay was designed to detect all subspecies of M. avium.
Primers and probes were evaluated in silico for specificity using the PrimerBlast tool at NCBI (www.ncbi.nlm.nih.gov) prior to in vitro testing (Ye et al. ) . The final MA and MI qPCR assays utilize the same forward primer and probe, but MA-and MI-specific reverse primers differed by 6 bp (Table 1) .
Specificity and sensitivity analyses
Eighteen non-MAC Mycobacterium reference strains, and 76 MA and 17 MI isolates obtained from humans and Biofilm samples spiked with MA, MI, and MAP cells showed no inhibition (C q values were ±2.5 standard deviations of the means of the C q values of the corresponding control samples) and all method blanks (n ¼ 96) and no template controls were negative. C q values from IPC and spike analyses indicated that inhibition or interference did not impact the efficiency of DNA recovery or amplification.
RESULTS
Specificity and sensitivity analyses
None of the spiked biofilm samples had C q values outside the acceptable range.
Occurrence in biofilm samples
MA, MI, and MAP (IS900 assay) genetic targets were found in 35.3, 56.9, and 47.1% of the drinking water biofilm samples analyzed (Figure 1 ). Target copy estimates ranged from 15 to 11,959 copies μg À1 protein, 2 to 15,626 copies MI occurred more frequently than MA in kitchen faucet biofilm samples (Figure 1) . These findings support those of times higher than in this study, target copy concentrations were similar: <100 target copies in 68 and 100% in the previous and current studies, respectively. 
